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INTRODUCTION

PURPOSE.

Tests were conducted with PAR-38 and PAR-56 lamps and holders to determine the
frangibility of the approach lighting system (ALS) lamps and holders when
struck by general aviation aircraft. Data was obtained in order to answer

the following questions:

1. What is the relative safety of existing aircraft windshields when impacted
by ALS lamps and holders at approach speeds?

2, What are the impact parameters for a '"safe'" ALS light assembly?

3. What are the impact characteristics of the windshields when struck by
just the PAR-38 or PAR-56 lamps? )

4. Can a PAR-38 or PAR-56 lamp be utilized, or will a new lamp technique
be necessary?

BACKGROUND.

One of the hazards encountered when flying into a major airport today is the
possibility .:f accidentally undershooting the threshold of the runway and
impacting into present-day approach lighting systems located there. These
approach lights consist of glass and steel bars that are very rigid. Up-to-
date frangible structures are being tested and are, in some cases, being used
at airports for crash safety considerations. It follows that the lamps and
holders themselves must also be made frangible. Toward this end, it is desir-
able to ascertain the impact characteristics of the lamps and holders.

DISCUSSION

TEST PROCEDURES.,

The NAFEC catapult system was utilized to accelerate the fuselages of Chero-
kee 180 and Cessna 172 airplanes, with the windshields of each impacting into
PAR~-38 and PAR-56 lamps and holders. Different speeds were used to determine
the impact characteristics of the involved items and to obtain statistics

for future comparison.

The lamps and lamps with holders were hung in the air with as little support

as possible and were struck by the windshields at their in-flight attitude
(tilted about 30° from horizontal). Speeds started at 20 miles per hour (mi/h)
and were increased until windshield penetration thresholds were obtained. In-
strumentation consisted of photographic evidence and accelerometer drta.
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The tests were run in the following order:

1. Piper Cherokee 180 windshields were impacted against the following lamps
with the lamp faces toward the windshields:

a. PAR-56 lamps alone,

b. PAR-56 lamps and holders,

c. PAR-38 lamps alone,

d. PAR-38 lamps and holders, and

e. PAR-38 lamps and holders with accelerometers attached.

2. Cessna 172 windshields were impacted against the same lamps and holders
as in 1 above.

3. In addition, Piper Cherokee 180 windshields were impacted against:

a. PAR-38 lamps and holders with the lamp faces striking flat against
the windshields, and

b. PAR-38 lamps and holders with the sharp edges of holders facing
toward the windshields.

Photographs of the impact tests were taken from inside the fuselage with a
16-millimeter (mm) Photo-Sonics Incorporated model 1-B camera running at
500 frames per second. High-speed documentation was obtained by use of a
16-mm Hy Cam model K1001 camera, running at 3,500 frames per second. Still
photographs were also taken, and certain photographs are included in this
report.

EQUIPMENT DESCRIPTION.

WINDSHIELDS. The windshields of both the Piper and Cessna aircraft are made
from a general-grade acrylic resin (Lucite® and Plexiglas G® are examples).
Windshields are generally purchased to specifications MIL-P-21105 or L-P-391,
which specify a thickness of 0.125 inches, with tolerances of +0.020 inches
and -0.030 inches for the windshield sizes used on the test aircraft. The
acrylic resin resists most wzather conditions and is light, easily cut and
shaped, dimensionally stable, aud has great transparency.

LAMPS AND HOLDERS. The lamps and holders are the presently used lamps and
holders of airport approach lighting systems. As there is a tendency to.ard
use of lighter and less complex approach lighting systems, the majority n.
testing was with the lighter PAR-38 lamp and holder.

Weights and specifications of the lamps and holders are:

PAR-38 lamp = 9 ounces (255 grams)--specification L-848 (see Adv-‘sory
Circular 150/5340-14B entitled "Economy Approach Lighting Aids," dated
June 1970).
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PAR-38 holder = 5 ounces (142 grams)--specification FAA-E-Z325 ent.tled
"Medium Intensity Approach Lighting System,” dated 5-12-71.

PAR-56 lamp = 1 pound and 4 ounces (567 grams)--specification FAA-E-2408
entitled "Lamps, PAR-56, Incandescent Aviation Service," dated 5-4-70.

PAR-56 holder = 2 pounds and 15 ounces (1,332 grams)--specificdtion
FAA-E-982D, entitled "PAR-56 lampholder,” da“ed 4-10-68.

ACCELEROMETERS, The accelerometers used during the *ests were the Bell &
Howell type 4-203-001, rated at +100 g with a weight of 4 ounces including the
cable and connector. A Bell & Howell model 5-124 oscillograph was also used
with a type 7-346 galvaiometer, which has a flat response out to 190 hertz (Hz).

CATAPULT. The catapult and track facility is a fixed installation comprised
of a launching catapult, a 300-foot track, and an operations building. The
catapult is comprised of a compressed-air firing mechanism and a launcher car.
The launcher car drives a pusher car on the 300-foot track, which in turn
pushes a free-running car on which was mounted the fuselage of either the
Piper Cherokee 180 or the Cessna 172. A Westinghouse brake, two Mark IV
arresting engines, and two walk-back brakes comprise the arresting mechanism
for the system. Speeds obtainable by this system are from near zero to

80 mi/h. Tie overall weight of the sled and fuselage is 1,750 pounds. A more
complete description of the catapult test system can be found ia FAA Manual,
"Technical Facilities at NAFEC", RD P 6000.2, dated July 1, 1969.

TEST RESULTS

CATAPULT TESTS.

In order to make meaningful comparisons, data was collated into sets.

The first set of runs (designated ALS runs) was made with the Cherokee 180
fuselage, which has two half windshields with a supporting metal strip down
the middle. A second set of runs, duplicating the first set, used a

Cessna 172 fuselage and windshield. The Cherokee 180 half windshield was
about one-half the size of the larger Cessna 172 single windshield. An
attempt was made to keep the impact point near the center of the Cherokee's
half windshield (14 inches from the bottom and 10 inches from the center
edge), as well as near the center of the Cessna 172 windshield. A summary
of the run sets is listed with approximate speeds in table 1, and a complete
set of data and remarks made at the time of the runs is enclosed in the
appendix.
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SET No. la. Seven runs (ALS-1 through 7) were made with the Cherokee wind~
shield striking the face of a PAR-56 lamp. Figures 1, 2, 3, and 4 depict the
test setup, nonpenetration and penetration runs, and the effect of a penetra-
tion run. The results show that the lamps are much less frangible than the
windshields. The outcome of the impact tests at 20, 24, 36, 40, 47, and

58 mi/h shows that the lamps actually shattered the windshields at 47 and

58 mi/h.

SET No. 1lb. Seven runs (ALS-26 through 32) were made with the Cessna 172
windshield striking the PAR-56 lamp held facing the windshield as in set
No. la (figures 5 and 6). Impact speeds of 18, 29, 30, 33, 36, 38, and
40 mi/h were run, with windshielads breaking at the 38 and 40 mi/h -uns.
This shows that the Cessna 172 windshields break at a speed about 9 mi/h
slower than the break speed of the small Cherokee 180 windshield.

SET No. 2a. A second set of runs (ALS-8 and 9) using the Cherokee 180 fuse-
lage and a PAR-56 lamp mounted in its normal holder was then made at 19 and
24 mi/h. The windshield was penetrated at 24 mi/h, as might be expected when
impacting the heavy lampholder (figures 7 and 8).

SET Ne. 2b. This set of runs was similar to set No. 2a, except that five
runs (ALS-33 through 37) were run with the Cessna 172 (figure 9). Speeds

of 17, 19, 22, 23, and 24 mi/h were run with the windshields breaking at 24
mi/h. This speed is about the same as with the Cherokee windshield. This

is in contrast to all of the other sets of runs, however, which show that the
Cessna 172 windshields were penetrated at an impact speed of 9 mi/h slower
than the Cherokee windshields.

SET No. 3a. Another set of runs (ALS-13 and 14) using the Cherokee 180 wind-
shield and the PAR-38 lamp without holder was perfcrmed at 45 and 51 mi/h. The
windshield was penetrated at 51 mi/h (figure 10).

SET No. 3b., With the Cessna 172 windshield and PAR-38 lamp as in set No. 3a,
one run (ALS-38) penetrated the windshield at 40 mi/h (figure 11). This was
11 mi/h slower than the Cherokee 180 windshield.

SET No. 4a. A fourth set of six rums (ALS-10, 11, 12, 15, 16, and 17) was
carried out using the Cherokee 180 and the PAR~38 lamp and holder facing

the windshield. Speeds were at 31, 41, and 47 mi/h, plus three at 50 mi’h.
The first three runs were at 31, 41, and 50 mi/h, with the windshield first
being penetrated at 50 mi/h. A slower speed run of 47 mi/h was then conducted
to confirm our results, and the windshield was not penetrated. Two more runs
were made at 51 mi/h, both of which penetrated windshields. This gave a good
indication that 50 mi/h will usually penetrate the windshields under these
conditions (figure 12).

SET No. -b. Six runs (ALS-22 through 25, 39, and 40) were made with the
Cessna 172 windshield and PAR-38 lamps and holders as in set No. 4a., Run
ALS-22 did not break the windshield at 32 mi/h. ALS-23, at 42 mi/h, did break




the windshield, after which two more runs (ALS-24 and 25) at reduced speeds
(36 and 33 mi/h) also broke the windshields. Next, ALS-39, at 29 mi/h, did
not penetrate the windshield. Lastly, ALS-40 broke the windshield at 40 mi/h.
This shows that 33 mi/h is the approximate threshold penetration speed for
Cessna 172 windshields under these conditions. A 17-mi/h difference in pene-
tration speeds between the Cessna 172 and the Cherokee windshields is evident
(figure 13).

SET No. 5a. A fifth set of four runs (ALS-18 through 21) was made, as in set
No. 4, but with the addition of an accelerometer located on a flat, milled
surface of the PAR-38 holder (figure 14). These runs were made at about

41, 41, 47, and 50 mi/h. The first run at 41 mi/h was repeated due to a lack
of oscillograph data. Windshields were penetrated at 47 and 50 mi/h, and the

maximum "g" ratings were 168 and 156, respectively (figure 15).

SET No. 5b. One run (ALS-41) was carried out with the Cessna 172 windshield
and the PAR-38 lamp and holder, with the accelerometer attached as in set

No. 5a (iigure 16). This run, at 27 mi/h, penetrated the windshield and gave

a maximum accelerometer reading of about 156 g's. As might be expected,

this is the same "g" reading that was obtained when the Cherokee 180 windshield
was penetrated. The speed of impact was, however, quite different, being

50 mi/h for the smaller windshield as compared to the above 27 mi/h. Copies

of the oscillograph recordings are iacluded in this report as figures 17, 18,
19, and 20. Tenth-of-a-second markers are shown as vertical lines 1 1/2 inches
apart.

SET No. 6. To obtain data un-er the most favorable impact cunditions, this
set was performed with the face of the PAR-38 lamp striking flat against the
Cherokee 180 windshield (figure 21). Nine runs were made (ALS-42 through 50)
at speeds of 30, 36, 40, 45, 50, 54, 61, 65, and 69 mi/h. The run at 69 mi/h
penetrated the windshield. This indicates that under the most favorable
conditions, the lamp will simply bounce off the windshield up to 69 mi/h.
Beyond this speed, 1t appears likely that the lamp, under ideal conditiors,
will penetrate the windshield.

SET No. 7. Lastly, it was decided to take the other extreme from set No. 6
and impact the Cherokee 180 windshield into the PAR-38 lamp and holder under
the worst conditions (with the sharp points of the holder striking the wind-
shield) (figure 22). Two runs (51 and 52) were run at speeds of 30 and

41 mi/h, with the run at 41 mi/h breaking the windshield. The penetration
speed difference of 28 mi/h between ideal lamp attitude and worst lamp atti-
tude is significant. This shows that the attitude of the lamp determines,
to a great extent, the speed at which it will penetrate the windshield.

A corollary finding was that the catapult method of impact testing is expen-
sive. The reason for using this method was the seemingly substantial validity
of this method in replica.ing the mechanical forces and structural effects

of aircraft accidents. It is quite possible, however, that a laboratory test
method could be developed and shown to have the power to duplicate the more
costly large-scale crash tests.
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Tkis has been done in many areas of engineering testing with good results.

Since additional frangibility testing, including other lamps, aircraft, weather
conditions, and effects, my be conducted, small-scale tests should be conducted
to determine the feasibility of standardizing lamp impact/frangibility test
methods with less costly procedures.

INTERPRETATION OF RESULTS.

Table 1 summarizes all the test results and approximate speeds. From these
results, it can be seen that windshields were penetrated in all test series
when the higher speeds were used. Still, the maximum speed in the tests was
near or below the impact speed that would be expected in an actual undershoot
accident. Hence, it is clear that the lamps and holders are not truly
frangible.

Comparison across the lamp and holder conditions indicates, as expected, that
the heavier assemblies penetrated the windshields at the lower impact speeds.
Also, impact with sharp edges resulted in penetration at lower speeds. Pene-
tration of the windshields occurred from speeds of 24 mi/h with the heavy

PAR-56 lamp and holder to 69 mi/h with the lighter PAR~-38 lamp and holder

at the ideal impact attitude. The plexiglas of the general aviation windshields
was such that all lamps either dimpled the windshield and bounced off (figure 23
gives an example of this), or cut straight through the windshield. The safety
of a pilot in a cockpit would certainly be in jeopardy if one of these lamps
should hit a windshield of a general aviation type plane, even under the

slowest of flying conditions.

To protect the pilot from approach lamp penetration, it would seem necessary
to make the lamp units either of a very frangible material or to make them in
a shape (perhaps round) that would bounce off the windshield, or both. Design
of such is conceivable. Since the PAR-56 lamp is much stronger than the
typical windshield, it would seem necessary to develop a new lamp to attain
true frangibility.
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CGNCLUSIONS

From the tests conducted, the following is concluded:

1. General aviation windshields are easily penetrated by the PAR-38 or
PAR-56 ALS lamps and holders at less than usual flying speeds.

2. A safe ALS lamp should self-destruct on windshield impact without high
risk to the pilot at speeds up to rormal touchdown velocity (70 to 80 mi/h
for small aircraft).

3. New lamps and holders must be developed to produce a truly "safe" approach
lighting system lamp.

RECOMMENDATIONS

Having demonstrated that the present ALS lamps and fixtures are not truly
frangible, the following is recommended:

1. Further testing should explore other parameters, such as cold-weather
testing and the use of other types of lamps and windshields.

2. A so-called "safe" lamp for future approach lighting systems should be
developed.

3. A simple and accurate test method should be developed for testing the
frangibility of approach lights at any location, with a minimum of specialized
test equipment.
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FIGURE 11, TYPICAL PHOTOGRAPHS OF TEST SET NO. 3b
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FIGURE 13. TYPICAL PHOTOGRAPHS OF TEST SET NO. 4b
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FIGURE 14. ACCELEROMETER ATTACHED TO PAR-38 LAMPHOLDER
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FIGURE 15, TYPICAL PHOTOGRAPHS OF TEST SET NO. 5a




FIGURE 16,
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TYPICAL PHOTOGRAPHS OF TEST SET NO. 5b
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FIGURE 21. TYPICAL PHOTOGRAPHS OF TEST SET NO. 6
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FIGURE 22, TYPICAL PHOTOGRAPHS OF TEST SET NO. 7
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